The purpose of this investigation was to determine the effect, if any, of Bartonella muris infection, the resulting anemia, and of the removal of the spleen itself on the protein, fat and mineral metabolism of the rat. Changes in the constituents of the blood of normal adult rats and of adult splenectomized rats at various stages of Bartonella muris anemia were studied. In instances in which significant chemical changes in the constituents of the blood were observed in the course of Bartonella muris anemia, similar determinations were made as controls on splenectomized rats of Wistar Institute non-carrier stock 1 week after the operation.
hemoglobin content of 30 per cent and splenectomized rats with a hemoglobin content of 10 per cent were studied. The total proteins of the normal rats vary from 5.5 per cent to 6.4 per cent. Only a slight drop is noted in rats with a low hemoglobin content (4.8 to 5.3 per cent). The albumin of the normal group varies from 3 to 3.4 per cent; in rats with a hemoglobin content of 30 per cent and 10 per cent the albumin drops slightly (see Table I ). Total proteins, albumin and globulin drop slightly during the height of the anemia. Non-protein nitrogen in our normal rats averages 40 rag. in 100 cc. of blood. In rats with a hemoglobin content of 20 to 30 per cent the non-protein nitrogen averages 44 mg. in 100 cc. of blood. In rats with a hemoglobin content of 10 per cent the non-protein nitrogen averages 62 rag. in 100 cc. of blood. The non-protein nitrogen definitely rises with the increase in severity of the anemia (see Table II ). The uric acid of the blood as determined according to the method of Benedict (2) remains unchanged (see Table II ).
In human beings, anemia appears to have no characteristic effect on nitrogen metabolism. In pernicious anemia normal non-protein nitrogen values have been reported by Kahn and Barsky (3), though Gettler and Lindeman (4) found the non-protein nitrogen of the blood slightly elevated. Some impairment of the ability to concentrate nitrogen in the urine in patients with severe primary or secondary anemia was observed by Mosenthal (5).
The definite rise in the non-protein nitrogen of splenectomized rats at the height of Bartonella muris anemia is probably attributable to the severity of the Bartonella infection and not to the anemia. During the febrile stage of most acute infectious diseases the nitrogen metabolism as well as the total metabolism is increased (6) . This is due not only to increased energy requirements but also to an active destruction of tissues resulting in increased protein catabolism. In severe infectious diseases an increase in the blood non-protein nitrogen may be observed (7) (8) (9) (10) (11) (12) . In view of the fact that the rise in non-protein nitrogen in severe infections is usually unassociated with the presence of albumin or casts or with an increase in urinary nitrogen (13) , it is unnecessary to assume anatomical injury of the kidneys to explain the high non-protein nitrogen in the blood. In Bartonella anemia anatomic evidence of a severe parenchymatous and tubular degeneration (14) is found in many instances and may contribute to the production of a high non-protein nitrogen, but it is unlikely that this plays an important part. In Bartondla muris anemia the high nonprotein nitrogen is probably due to the toxic destruction of protein and a relative oliguria, which is accentuated by the renal injury. Linton (15) observed in experimental studies on T. equiperdum infection of rats a rise in non-protein nitrogen and uric acid of the blood.
Chlorides.--The chloride content of the blood and of the serum were determined by Wilson's modification of the method of Van Slyke (16) . Normal blood chlorides vary from 489 to 511 rag. of NaC1 in 100 cc. of blood, serum chlorides from 604 to 640 mg. of NaC1 in 100 cc. of serum. The chloride content of the blood rises with the anemia to an average of 564 to 609 rag. of NaC1 in 100 cc. The serum chloride remains practically unchanged. The difference in the content of chlorides between the blood and the serum follows the drop in the hemoglobin content of the blood. The chloride concentration in the cells is only half of that in the plasma. The high concentration of chlorides in the whole blood of anemic rats is due to the decreased proportion of red blood cells.
Calcium and Phosphorus.--The calcium of the serum was determined according to the Clark-Collip (i7) modification of the method of Kramer and Tisdall; the phosphorus according to the method of Fiske and Subbarow (18) . The serum of normal rats was found to contain 10 rag. of calcium and 7.7 to 7.8 mg. of phosphorus, in 100 cc. With the development of the severe anemia the calcium decreases slightly, while the phosphorus remains within the normal range. In anemias in human beings the inorganic phosphorus is not significantly altered. Though the total phosphorus of the whole blood is often reduced the concentration in a unit volume of cells is normal (19, 20) .
Carbon Dioxide-Combining Capacity.--The normal carbon dioxidecombining capacity in volume per cent was found to be 52 to 61. With a severe drop in the hemoglobin content, the carbon dioxidecombining capacity of the blood dropped to 26 to 47 volumes per cent. The data reported in anemias of human beings indicate that the anemia of itself has little influence on the acid-base balance of the blood or the organism in general (21) (22) (23) (24) . The carbon dioxide content of the whole blood may be high because the ratio of plasma to cells is high. The carbon dioxide content of plasma is about 1.5 times that of the cells and the carbon dioxide content of whole blood will, therefore, increase with the proportion of plasma which it contains. Severe in-fections, however, result in reduction of the carbon dioxide content of the plasma, usually attended by an elevation of pH (25) (26) (27) (28) .
Linton (15) , in a study of the blood chemistry of rats infected with T. equiperdum, found a well defined lowering of the carbon dioxide capacity in all the infected rats. An acidosis is present in this disease from an early stage but is not progressive with the severity of the infection. In Bartonella muris anemia the acidosis is moderately severe at the height of the infection (as manifested by the height of the anemia) and is apparently attributable to the infection itself and not to the anemia.
Blood Sugar and Liver Glycogen.--Blood sugar determinations were made according to the method of Hagedorn and Jensen (29) . The blood sugar of normal adult rats was found to be fairly constant (123 to 147 rag. per 100 cc.). The blood sugar of the splenectomized anemic rats determined under the same conditions--though showing considerable variation, is very low in many instances when the hemoglobin has fallen to 10 per cent.
In pernicious anemia in human beings the blood sugar is found to be high with considerable frequency (30) (31) (32) (33) (34) and the degree of hyperglycemia is proportional to the severity of the anemia (31) . In most severe infections the decrease in carbohydrate tolerance that develops in the course of the disease may be serious. The metabolic disturbance depends less on the severity than on the type of infection and the association of pyodermic infections with hyperglycemia is well known (35, 36) . I Linton (15) , however, found a terminal drop in blood sugar in pathogenic trypanosome infections in rats. In parasitic infections of this type, Schern (37), yon Fenyvessy (38), Scheff (39) and Regendanz (40) likewise observed a drop in blood sugar concentration at the height of the disease.
Liver glycogen was determined according to the method of Slosse (41) . In the splenectomized rats glycogen rapidly disappears from the liver with the progress of the BartoneUa muris anemia. The normal rats gave readings of 42 to 69 mg. of glucose per 1 gin. of liver. In rats with a hemoglobin content of 30 per cent the liver glycogen dropped to 2 to 16 mg., and it dropped to 0.5 to 0.6 mg. in rats with a hemoglobin content of 10 per cent. Depletion of liver glycogen was found to be complete in rats with T. equiperdum infection by Linton (15) .
The liver glycogen is readily depleted in many conditions; for example, starvation, cold, exercise, diabetes, phlorizin poisoning.
Starvation may be a factor in the depletion of glycogen in Bartonella muris anemia, as the anorexia becomes increasingly severe with the onset of the anemia3
Lipoid Phosphorus and Ledthin.--Lipoid phosphorus was determined according to the method of Krasnow and Rosen (42) . As shown in Table vii , there is a decrease in the lipoid phosphorus of the blood and in lecithin in the anemic rats. The lipoid phosphorus in normal rats is 8.9 to 10 rag. in 100 cc. of blood. In rats with a hemoglobin content of 10 per cent the lipoid phosphorus drops to 5.4 to 7.5 rag. in 100 cc. of blood. Lecithin decreases correspondingly. The decrease varies from approximately 30 to 37 per cent of the values found in the normal animals.
Cholesterol.--Total cholesterol in whole blood was determined according to Sackett's modification of Bloor's method (43) . With an increase in the Bartonella muris anemia in splenectomized rats there is a decrease in the total cholesterol of the blood. In order to determine the possible influence of operative trauma on the cholesterol content of the blood, cholesterol determinations were made on a series of normal rats before and after laparotomy with the spleen intact. The cholesterol determinations were made 1 week after the operation and showed a drop of about 15 per cent. The decrease in blood cholesterol noted in ratswith a hemoglobin content of the blood of 10 per cent varies from 30 to 50 per cent. The cholesterol content of the blood of splenectomized rats uninfected with Bartonella muris (Wistar Institute stock) is in the same range as that of the normal laparotomized rats.
Total Fats and Fatty
Acids.--Total fats were determined gravimetrically. Fatty acids were calculated from the difference between total fats and the sum of lecithin and cholesterol. Table VII In the case of T. equiperdum, Linton (15) found no appreciable change in the blood cholesterol. In human beings, blood cholesterol appears to be regularly lowered in febrile infectious diseases. The drop follows the severity of the infection. The change, however, in cholesterol and lecithin in severe anemias is well known and is an expression of a general reaction to the loss of red blood cells from the circulating blood (44) . This reaction consists in the appearance of an excess of fat and fatty acids in the blood, with a simultaneous decrease of phosphatides and cholesterol. 3 The increase in total fats, and the reduction in total cholesterol and lecithin appear only after the red cell count falls below 50 per cent of the normal (45) in human anemias but they bear no direct relation to the degree of anemia.
DISCUSSION
The chemical changes in the blood of splenectomized rats suffering with BartoneUa muris anemia consist of an increase in total fats and fatty acids, a drop in lecithin and total cholesterol, a rise in blood chloride concentration, a moderate acidosis and a variable drop in blood sugar. The liver glycogen is almost depleted in the rats with a hemoglobin content of the blood of 10 per cent. The changes in the lipoids and the rise in blood chloride concentration are attributable to the anemia and are found only when the anemia is severe. The moderate acidosis is an expression of the severity of the systemic infection. The hypoglycemia and the depletion of liver glycogen are terminal phenomena. The hypoglycemia and the low liver glycogen are probably an expression of relative starvation due to the severe anorexia that develops in rats suffering with Bartonella muris anemia.* It is plain that none of the chemical changes in the blood can be attributed to a direct disturbance of splenic function. Blood chemistry studies on splenectomized rats (Wistar Institute) in which no infection
The one exception seems to be in the chronic anemia of rabbits produced by repeated bleeding. In this condition numerous investigators have demonstrated high blood phosphatides and cholesterol.
4 The chemical changes observed by Linton in T. eq~iperdum infections of rats may in part be due to the Bartonetla muris anemia which spontaneously occurs as a complication of trypanosome infections (Mayer (46) , Marmorston-Gottesman and Perla (47) ).
occurs and studies on splenectomized rats of carrier stock recovered from the severe anemia reveal no significant deviation from the normal. Splenectomy in the rat has no effect on metabolism that is demonstrable in the usual chemical analyses of the blood.
SL~IM.ARY
i. The blood chemistry of normal adult rats and of splenectomized adult rats suffering with Bartonella muris anemia has been studied.
2. Non-protein nitrogen rises with the increase in severity of the anemia. Total serum proteins, serum albumin and serum globulin decrease slightly. Uric acid remains unchanged.
3. Serum chloride concentration remains unchanged, but the concentration of chlorides in the blood increases.
4. An acidosis as estimated by the carbon dioxide-combining capacity of the blood is observed at the height of the infection.
5. The blood sugar decreases and the liver glycogen is depleted in rats with a hemoglobin content of the blood of 10 per cent.
6. Total fats and fatty acids are increased at the height of the anemia. Total cholesterol, the lipoid phosphorus and lecithin are diminished in amount.
7. These changes result from the infection or the anemia. Splenectomy itself plays no part in the changes observed in the chemical constituents of the blood in Bartonella muris anemia of adult albino rats.
